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Abstract The actin cytoskeleton (microfilaments, MFs)
accompanies the tubulin cytoskeleton (microtubules) during
the meiotic division of the cell, but knowledge about the
scope of their physiological competence and cooperation is
insufficient. To cast more light on this issue, we analysed
the F-actin distribution during the meiotic division of the
Psilotum nudum sporocytes. Unfixed sporangia of P. nudum
were stained with rhodamine-phalloidin and 4′,6-diami-
dino-2-phenylindole dihydrochloride, and we monitored the
changes in the actin cytoskeleton and nuclear chromatin
throughout sporogenesis. We observed that the actin
cytoskeleton in meiotically dividing cells is not only part
of the kariokinetic spindle and phragmoplast but it also
forms a well-developed network in the cytoplasm present in
all phases of meiosis. Moreover, in telophase I F-actin
filaments formed short-lived phragmoplast, which was
adjacent to the plasma membrane, exactly at the site of
future cell wall formation. Additionally, the meiocytes were
pre-treated with cytochalasin-B at a concentration that
causes damage to the MFs. This facilitated observation of
the effect of selective MFs damage on the course of meiosis
and sporogenesis of P. nudum. Changes were observed that
occurred in the cytochalasin-treated cells: the daughter
nuclei were located abnormally close to each other, there
was no formation of the equatorial plate of organelles and,
consequently, meiosis did not occur normally. It seems
possible that, if the actin cytoskeleton only is damaged,
regular cytokinesis will not occur and, hence, no viable
spores will be produced.
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Introduction
The cytoskeleton is a dynamic structure changing during
division, growth and development of the cell. Microtubules
(MTs) and microfilaments (MFs) are the main components of
the cytoskeletoninplantcellsandtheyparticipateinnumerous
processes occurring inside interphasal and dividing cells. They
are responsible, among others, for the control of the cell shape
and growth and development of the plant cell wall; they also
organise the cytoplasm (cytomorphogenesis),transport cellular
structures, bring about cell motility and mitotic and meiotic
divisions (Hepler 1981; Gunning 1981; Gunning and
Hardham 1982; Dustin 1984; Lloyd and Seagull 1985;
Bershadsky and Vasiliev 1988;F o s k e t1989; Hepler et al.
1993;Z h a oe ta l .1999; Battey et al. 1999; Van et al. 2002).
Both in sporogenesis and in microsporogenesis in
meiotic cells, MTs form a radial microtubule system,
meiotic spindles in division I and II of the nucleus and a
phragmoplast, which arises in telophase I and II (Brown
and Lemmon 1982a, 1987a, b, 1988b, 1991b, 1996, 1998,
2001a, b, 2004, 2009; Bednara et al. 1995; Bohdanowicz et
al. 2005). In some species, additional Mt configurations
were observed: those related to the plastid division in
monoplastid species (Brown and Lemmon 1982b, 1985)
with the characteristic location of cell organelles in
Lavatera thuringiaca microsporocytes (Tchórzewska et al.
2008), or those which occur in some leafy liverworts
(Brown and Lemmon 2009).
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the microtubules during meiotic division, which has been
described in a few plant species, e.g. S. melongena (Traas et
al. 1989), Gasteria verrucosa (van Lammeren et al. 1989;
Bednara et al. 1990), orchids (Brown and Lemmon 1991c),
Zea mays (Staiger and Cande 1991, 1993), and Solanum sp.
(Genualdo et al. 1998). Although the MFs are present
together with the MTs in the successive stages of the cell life
cycle, there are differences in the spatial organisation of the
actin and tubulin cytoskeleton, e.g. MFs form a cytoplasmic
network present throughout all the stages of meiosis, which
has been reported from, e.g. S. melongena (Traas et al. 1989)
and Magnolia soulangeana (Dinis and Mesquita 1993).
Up to date, there are only few reports about F-actin
organisation in plant cells, especially in meiotically divid-
ing plant cells. Furthermore, although MTs and MFs are
present in the cytoplasm, often in close vicinity, there is no
sufficient knowledge about the scope of their physiological
competence and cooperation. To provide more information
about that, in this paper, we analysed F-actin distribution
during the meiotic division of the Psilotum nudum
sporocytes. P. nudum represents an interesting plant from
evolutionary point of view, regarded by some to living
relicts of the earliest vascular plants (Rothwell 1999). This
species is a homosporous fern from a small subdivision of
telome plants—Psilotophytina (Bierhorst 1971; Renzaglia
et al. 2001). Previously, the Psilotaceae has been regarded
as a separate and early divergent Tracheophyta lineage
(Wagner 1977). However, Bierhorst (1977) and White
(1977) considered Psilotum and Tmesipteris as filicopsid
ferns. Molecular phylogenetic analyses have repeatedly
supported a sister relationship between Psilotaceae and
Ophioglossaceae and they still provide important insight
for understanding of the development and evolution of seed
plants (Manhart 1994, 1995; Hasebe et al. 1995; Pahnke et
al. 1996; Wolf 1997; Wolf et al. 1998; Nickrent et al. 2000;
Pryer et al. 1995, 2001; Renzaglia et al. 2007).
In our research, attention was paid to the dynamic
changes in the MFs during the consecutive meiotic stages.
We examined meiocytes pre-treated with cytochalasin-B at
an MF-damaging concentration. Thus, we were able to
observe the effect of selective MFs damage in the course of
meiosis and sporogenesis of P. nudum.
Material and methods
Plant material
Differently sized sporangia of P. nudum plants were
collected from the greenhouse at the Department of Plant
Anatomy and Cytology, Maria Curie Skłodowska Univer-
sity in Lublin, Poland.
Fluorescence microscopy
The unfixed sporangia of P. nudum in different stages of
sporogenesis were squashed in the dark, in 10
−6 M
rhodamine-phalloidin (Sigma) in MSB buffer pH 6.9 to
visualised the MFs (Baluska and Barlow 1993). In order to
stain DNA in the nuclei and organelles, 0.1 mg/ml 4′,6-
diamidino-2-phenylindole dihydrochloride (DAPI) in MSB
was added to the slides. Then, after 10 min the slides were
rinsed with 0.05 M mannitol solution in MSB buffer. The
slides were observed under a fluorescence microscope
(Nikon Optiphot II). Images of sporocytes and spores were
recorded on Kodak TMAX-400 film.
Treatment with cytochalasin-B
Differently sized sporangia of P. nudum were treated with
cytochalasin-B (10 µg/ml of the water solution) for 48 h in
a moist chamber. Afterwards, the sporangia were prepared
for observation under the fluorescence microscope as
described above.
Electron microscopy
For transmission electron microscopy the sporangia were
fixed in 2.5% paraformaldehyde and 2.5% glutaraldehyde in
0.1Mphosphatebuffer(pH6.9)for24hatroomtemperature.
The specimens were washed three times in phosphate buffer
and postfixed in 2% osmium tetroxide. Afterwards, they were
dehydrated in a graded ethanol series and embedded in
London Resin White Medium (Sigma). Ultrathin sections
(60 nm) were stained with uranyl acetate (5 min) and lead
citrate(10min).ThesectionswereobservedwithaJEM100B
transmission electron microscope.
Results
Double-staining with rhodamine-phalloidin and DAPI of P.
nudum meiotically dividing cells facilitated parallel tracing
of the changes in microfilament configurations and a
precise determination of the sporogenesis stage on the basis
of the nucleus behaviour. During early prophase I in P.
nudum meiocytes, microfilaments were visible in a form of
long and relatively thick strands located in close vicinity of
the cell wall and as a delicate network pervading the
cytoplasm (1a of Fig. 1). At that time, chromatin remod-
elling, typical of the meiotic division, commenced in the
nucleus (1b of Fig. 1). During the leptotene stage, the long
F-actin strands located at the cell wall underwent depoly-
merization, and a well-formed network was visible (2a of
Fig. 1). This network surrounds the cell organelles, whose
nucleoids are visible in 2b of Fig. 1. At this stage, the
290 D. Tchórzewska, J. BednaraFig. 1 1 Sporocytes of P. nudum during prophase I. MF stained with
rhodamine-phalloidin. Nuclear and organellar DNAstainedwithDAPI.
a, b Early prophase I. a MF in the form of long strands located close to
the cell wall and a delicate network pervading the cytoplasm. b An early
prophase nucleus and nucleoids of cell organelles dispersed in the
cytoplasm (arrow). 2 Sporocytes of P. nudum during prophase I. MF
stained with rhodamine-phalloidin. Nuclear and organellar DNA stained
with DAPI. a, b Early leptotene. a MFs form a dense network around
the cell organelles dispersed in the cytoplasm. b Thin, long, tangled
nuclear chromatin threads (arrow—nucleoids of cell organelles). 3
Sporocytes of P. nudum during prophase I. MF stained with rhodamine-
phalloidin. Nuclear and organellar DNA stained with DAPI. a, b Middle
leptotene. a MFs form a dense network around the cell organelles
dispersed in the cytoplasm. b Thin, long, tangled nuclear chromatin
threads (arrow—nucleoids of cell organelles). 4 Sporocytes of P. nudum
during prophase I (zygotene). Spiralized chromosomes are visible in the
nucleus and organelles (mitochondria, plastids and vacuoles) are evenly
dispersed in the cytoplasm (TEM). 5 Sporocytes of P. nudum during
prophase I. MF stained with rhodamine-phalloidin. Nuclear and
organellar DNA stained with DAPI. a, b Pachytene. a MFs in the form
of a three-dimensional network around the cell organelles and long
strands directly under the plasma membrane (arrow). b Visible bivalents
of homologous chromosomes and nucleoids of the cell organelles
dispersed in the cytoplasm (arrow). 6 Sporocytes of P. nudum during
prophase I. MF stained with rhodamine-phalloidin. Nuclear and
organellar DNA stained with DAPI. a, b Diplotene. a MFs tightly
surround the chromosomal bivalents thus forming the perinuclear
concentration. b Visible bivalents of homologous chromosomes
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chromatin threads are formed (2b of Fig. 1). During late
leptotene, F-actin was discernible mainly at the cell
organelles evenly dispersed in the cytoplasm (3a, b—arrow
of Fig. 1). Nuclear chromatin formed distinct, long, thicker
and more loosely arranged threads (3b of Fig. 1).
Since the rhodamine-phalloidin staining was performed
in toto on crushed preparations, the distribution of the
organelles was additionally analysed in ultrathin meiocyte
sections under the electron microscope. Figure 1 (4)
presents a meiotic cell in the prophase I zygotene stage.
The nucleus with the persisting nuclear envelope contained
292 D. Tchórzewska, J. Bednaraslightly spiralized homologous chromosomes paired by
synaptomenal complexes. The cytoplasmic cell organelles,
such as mitochondria, plastids, dictiosomes and vacuoles,
were evenly dispersed in the cytoplasm.
In pachytene, a successive prophase I stage, F-actin
formed a three-dimensional network surrounding the cell
organelles, whose nucleoids are visible in 5b of Fig. 1; also,
long microfilament strands were visible just under the
plasma membrane (5a of Fig. 1). Progressing spiralization
of the nuclear chromatin was visible in the DAPI staining,
and the nucleoids of the cell organelles were present in the
whole cytoplasm (5b of Fig. 1). During late prophase I
(diplotene), the microfilaments tightly surrounded the
chromosomal bivalents thus forming a perinuclear concen-
tration. At this stage, the number of cytoplasmic microfila-
ments in the rest of the cytoplasm was observed (6a of
Fig. 1). The cells in the diplotene stage displayed strongly
spiralized short bivalents of the homologous chromosomes
(6b of Fig. 1).
In metaphase I meiocytes, the microfilaments were
present in the whole cytoplasm and they additionally
formed the kariokinetic spindle (7a of Fig. 2). The
chromosomes formed a classic metaphase plate at that time
(7b of Fig. 2). During early telophase I, the actin filaments
in the phragmoplast were oriented perpendicularly to the
equatorial plane of the meiocyte at the border of daughter
nuclei reaching the cell margin. The MFs present on the cell
margin formed a characteristic short-lived phragmoplast
located exactly at the future cell wall (8a of Fig. 2). In the
study cell, it is possible to precisely determine the early
telophase I stage on the basis of the uneven inner surfaces
of the daughter nuclei (8b of Fig. 2). In late telophase I, the
characteristic actin phragmoplast disappeared and when the
distal optical plane was focused on, the microfilaments
were visible mainly at the daughter nuclei (9a of Fig. 2). In
such cells, the daughter nuclei were found at the opposite
poles; their surface was smooth and the cell organelles were
located between the nuclei (9b of Fig. 2). In telophase cells,
when the proximal optical plane was focused on, we
observed net-like microfilaments surrounding the daughter
nuclei and the cell organelles (10a of Fig. 2). In such cells,
a dense array of nucleoids of the cell organelles was visible
between the two daughter nuclei (10b of Fig. 2). The
electron microscope images of telophase I meiotic cells
show cell nuclei and the equatorial plate of organelles that
separates them. The organelles are arranged in a three-
layered plate with an internal mitochondrial layer and two
externally located plastid layers which were lying in closer
proximity to the cell nuclei. Total absence of plastids and
mitochondria beyond the equatorial plane, e.g. at the cell
poles, should be emphasised (11 of Fig. 2).
During metaphase II, the kariokinetic spindles in
meiocytes are arranged perpendicularly to each other. The
microfilaments in such cells were part of the kariokinetic
spindles and form a dense network in the cytoplasm (12a of
Fig. 3). The chromosomes which formed two metaphase
plates were arrayed in different planes, almost perpendic-
ularly to each other (12b of Fig. 3). In the telophase II
meiocytes, the microfilaments formed narrow phragmo-
plasts visible at the site of the future cell walls. The
phragmoplasts were placed beneath the plasma membrane
and were mainly composed of parallel microfilament
strands (13a and 14 of Fig. 3). At this stage, four daughter
nuclei were visible after DAPI staining (13b of Fig. 3). The
telophase II meiocytes observed under the electron micro-
scope displayed four daughter nuclei separated by the
equatorial plates of organelles. In 15 of Fig. 3, two out of
the four daughter nuclei as well as mitochondria adjacent to
the site of the future cell wall are visible. The plastids were
located outside the mitochondria and closer to the cell
nuclei. After cytokinesis and formation of the spore tetrad,
the actin cytoskeleton was formed by long microfilament
strands in the cortical cytoplasm, which were perpendicu-
larly oriented to the cell surface, while the MFs in the inner
zone formed a three-dimensional net (16a of Fig. 3). At that
time, the spores contained cell organelles homogeneously
dispersed in the cytoplasm (16b of Fig. 3).
Treatment of P. nudum meiocytes with cytochalasin-B
during sporogenesis resulted in damage to the actin
cytoskeleton which involved both inhibition of polymeri-
sation and partial degradation of the existing microfila-
ments. In prophase meiocytes treated with cytochalasin-B,
F-actin was present in the form of short fragments arrayed
in a characteristic network in the cytoplasm (17a of Fig. 4).
The actin cytoskeleton had this configuration, for instance,
Fig. 2 7 Sporocytes of P. nudum. MF stained with rhodamine-
phalloidin. Nuclear and organellar DNA stained with DAPI. a, b
Metaphase I. a MFs are part of the kariokinetic spindle and they are
found throughout the cytoplasm. b The chromosomes form a
metaphase plate (arrow—nucleoids of cell organelles). 8 Sporocytes
of P. nudum. MF stained with rhodamine-phalloidin. Nuclear and
organellar DNA stained with DAPI. a, b Early telophase I. a MFs
form the phragmoplast, which is oriented perpendicularly to the
daughter nuclei. It is arranged in a characteristic ring (arrow) located
directly at the cell wall in the cell equatorial plane. b Visible daughter
nuclei. 9 Sporocytes of P. nudum. MF stained with rhodamine-
phalloidin. Nuclear and organellar DNA stained with DAPI, telophase
I. a, b The distal optical plane. a MFs are found mainly at the daughter
nuclei. b Visible daughter nuclei at the opposite cell poles and cell
organelles between the nuclei (arrow). 10 Sporocytes of P. nudum.
MF stained with rhodamine-phalloidin. Nuclear and organellar DNA
stained with DAPI, telophase I. a, b The proximal optical plane. a
Net-like MFs surround the daughter nuclei and the cell organelles. b
Nucleoids of the cell organelles visible between the two daughter
nuclei (arrow). 11 Sporocytes of P. nudum. Telophase in TEM. Visible
cell nuclei and the three-layered plate of cell organelles: an internal
mitochondrial layer and two externally located plastid layers; p
plastids, m mitochondria
R
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was strongly condensed and formed bivalents (17b of
Fig. 4). The meiotic cells treated with cytochalasin at the
initial stage of telophase I displayed a bundle-shaped actin
cytoskeleton; however, the short bundles did not form a
typical phragmoplast. Slightly longer microfilament frag-
ments were only visible at the border of the nuclei (18a of
Fig. 4). In the DAPI-stained cells at this stage, two kidney-
shaped nuclei located at the two cell poles were seen (18b
of Fig. 4). Meiocytes treated with cytochalasin-B at a later
stage, e.g. at the beginning of telophase II, had short,
crossed microfilaments that were non-directionally distrib-
Fig. 3 12 Sporocytes of P. nudum. MF stained with rhodamine-
phalloidin. Nuclear and organellar DNA stained with DAPI, Meta-
phase II. a MFs are part of the kariokinetic spindles and surround the
cell organelles in the whole cytoplasm. b Chromosomes form
metaphase plates (arrow—nucleoids of cell organelles). 13 Sporocytes
of P. nudum. MF stained with rhodamine-phalloidin. Nuclear and
organellar DNA stained with DAPI, telophase II. a MFs form
phragmoplasts visible as two rings located between the daughter
nuclei. b Visible four daughter nuclei. 14 Sporocytes of P. nudum.M F
stained with rhodamine-phalloidin. Nuclear and organellar DNA
stained with DAPI, telophase II. MFs form phragmoplasts visible as
two rings located between the daughter nuclei. 15 Sporocytes of P.
nudum. Telophase II in TEM. Two out of the four daughter nuclei are
visible, the mitochondria are found at the site of the future cell wall,
the plastids are found closer to the nuclei (TEM); p plastids, m
mitochondria. 16 Sporocytes of P. nudum. MF stained with
rhodamine-phalloidin. Nuclear and organellar DNA stained with
DAPI. a, b A tetrad of spores. a MFs form a cortical and a central
cytoplasmic network. b Visible oval nuclei and cell organelles
dispersed in the cytoplasm (arrow)
294 D. Tchórzewska, J. BednaraFig. 4 17 Sporocytes of P. nudum treated with cytochalasin-B. MFs
stained with rhodamine-phalloidin. Nuclear and organellar DNA
stained with DAPI. a, b Prophase I. a F-actin has a form of only
short fragments dispersed in the cytoplasm. b The nuclear chromatin is
highly condensed. 18 Sporocytes of P. nudum treated with
cytochalasin-B. MFs stained with rhodamine-phalloidin. Nuclear and
organellar DNA stained with DAPI. a, b telophase I. a MFs as short
bundles; slightly longer fragments are visible only at the borders of the
nuclei. b Two lens-shaped nuclei are visible at the two cell poles. 19
Sporocytes of P. nudum treated with cytochalasin-B. MFs stained with
rhodamine-phalloidin. Nuclear and organellar DNA stained with
DAPI. a, b Early telophase II. a Short branching fragments of MFs
arranged in a non-directional mode can be seen in the cytoplasm. b
Three out of the four daughter nuclei and cell organelles are dispersed
in the cytoplasm. 20 Sporocytes of P. nudum treated with
cytochalasin-B. MFs stained with rhodamine-phalloidin. Nuclear and
organellar DNA stained with DAPI. a, b Telophase II. a Shorter and
less regularly arranged MFs form a phragmoplast-like network. b Four
nuclei and nucleoids of the cell organelles dispersed in the cytoplasm
are visible
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(19a of Fig. 4). After DAPI staining, newly formed cell
nuclei and nucleoids of the organelles were evenly
dispersed both in the proximal and peripheral cytoplasm
(19b of Fig. 4). In some telophase cells, the microfilaments
formed a network that was slightly similar to a phragmo-
plast, but the filament bundles were distinctly shorter and
less regularly arrayed than in the control, i.e. they did not
display the typical parallel filament arrangement (20a of
Fig. 4). In such cells, DAPI staining showed four nuclei and
cell organelles which were chaotically dispersed in the
cytoplasm and did not form equatorial plates (20b of
Fig. 4).
Discussion
Actin microfilaments participate in many fundamental
processes in plant growth and development, but their exact
function is still obscure. Our study was focused on P.
nudum meiocytes in vivo stained with rhodamine-
phalloidin, which facilitated examination of actin filaments
during sporogenesis with simultaneous cytokinesis. The
results showed that microfilaments exist at all stages of
meiosis. They were present in four basic configurations: the
cortical network, the central cytoplasmic network, the
kariokinetic spindle and the phragmoplast. Such organisa-
tion of the actin cytoskeleton in P. nudum was similar to
that previously described in, e.g. G. verrucosa (van
Lammeren et al. 1989), S. melongena (Traas et al. 1989),
Zea mays (Staiger and Cande 1991) and M. soulangeana
(Dinis and Mesquita 1993).
Two classes of MF were present in young meiocytes
before division and in prophase I. Cortical MFs were
located under the plasma membrane and central MFs were
visible deeper in the cytoplasm and surrounded in a net-like
manner the cell organelles dispersed in the cytoplasm. Both
the cortical and central cytoplasmic filaments around the
organelles persisted throughout cell division but in variable
proportions and the central cytoplasmic network generally
displayed different behaviour and higher dynamics of
changes than the cortical network. In late prophase I, the
number of MFs surrounding the cell organelles gradually
decreased, which was accompanied by occurrence of
perinuclear filament concentration (see also van Lammeren
et al. 1989; Dinis and Mesquita 1993). It is probable that
the nuclear region was the centre of microfilament
organisation of the formed kariokinetic spindle.
In metaphase I and II, the MF formed an abundant
network around the cell organelles dispersed in the
cytoplasm and constituted part of the kariokinetic spindle
extending from pole to pole in metaphase I and two
spindles in a perpendicular orientation to each other in
metaphase II. Such configurations of the actin cytoskeleton
were also observed in meiocytes of other plants (van
Lammeren et al. 1989; Traas et al. 1989; Bednara et al.
1990; Staiger and Cande 1991; Dinis and Mesquita 1993).
Next, during telophase I and II the phragmoplast
appeared simultaneously with aggregation of plastids and
mitochondria into the equatorial plane, which separated the
daughter nuclei of the meiocyte. The phragmoplast micro-
filaments were placed parallel to the internuclear axis,
which strongly suggests participation of these filaments in
transport of material into the equatorial plate of organelles.
The formation of the equatorial plate of the cell organelles
in telophase I and II as well as changes in the cytoplasm
during sporogenesis with simultaneous cytokinesis in P.
nudum was described previously (Gabarajewa 1984a, b,
1985; Tchórzewska et al. 1996). Such a structure occurs in
other plants with sporogenesis and microsporogenesis of
the simultaneous type (Mann 1924; Lewitsky 1926; Jungers
1934; Wolniak 1967; Sheffield and Bell 1979; Brown and
Lemmon 1987a, b, 1988a, 1991a, 2001b; Bednara and
Rodkiewicz 1985; Bednara et al. 1986; Furness et al. 2002).
The most prominent information was provided by
observation at the early telophase I where we observed
microfilaments forming a phragmoplast, which disappeared
relatively fast. This is probably related to the fact that in P.
nudum sporogenesis proceeds with simultaneous cytokine-
sis and no primary wall is formed after meiotic division I.
In late telophase I, MFs were visible mainly at the daughter
nuclei (see 9a of Fig. 2) and formed a network throughout
the cytoplasm (see 10b of Fig. 2). This observation
provides significant supplementary information about MFs
behaviour, which has been suggested before in M.
soulangeana (Dinis and Mesquita 1993) and Solanum sp.
(Genualdo et al. 1998). Additionally, we observed in our
study that a short-lived phragmoplast in early telophase I
composed of MF was located just under the plasma
membrane, exactly at the site of formation of the future
cell wall. These results support the hypothesis that,
irrespective of the transport function, the actin phragmo-
plast in early telophase I marks the future division plane
(Traas et al. 1989) just as the preprophase band does in
mitotically dividing cells (Wick 1991).
The literature data about the cytoskeleton in dividing
cells provide substantial information about the changes in
configuration and the role of the tubulin cytoskeleton;
however, there are only few reports of the actin cytoskel-
eton and even fewer about its role in meiosis. Therefore, to
provide more data about the actin cytoskeleton, P. nudum
sporocytes were treated with cytochalasin-B and the effect
of MFs damage on the meiosis course during sporogenesis
was assessed. Cytochalasin-B is an inhibitor which has high
affinity to F-actin. It blocks lengthening and causes
degradation of the existing microfilaments (Brown and
296 D. Tchórzewska, J. BednaraSpudich 1979; Hartwig and Stossel 1979; Maruyama et al.
1980). In P. nudum sporocytes treated with cytochalasin-B,
we observed only small, thick, and short fragments of MFs.
Degradation of the actin cytoskeleton occurred in the
kariokinetic spindle, the phragmoplast, and the cortical
and central cytoplasmic network. Similar degradation was
reported in angiosperm plant cells (Dinis and Mesquita
1993; Foissner and Wasteneys 1997, 2000). Besides, in
cytochalasin-treated P. nudum cells, the daughter nuclei
were located abnormally close to each other, the equatorial
cell organelle aggregations was not formed and as a result
of all the above-mentioned changes, meiosis did not
proceed correctly. These results suggest that, irrespective
of the tubulin cytoskeleton, the actin cytoskeleton plays a
very important role in the cytoplasm organisation and
formation of the cell wall.
In summary, the well-developed actin cytoskeleton,
dynamic changes in MFs and the characteristic phragmo-
plast in early telophase I may suggest that MFs constitute
an important element of the cell cytoskeleton in the plant
cell during meiosis. Our data also indicate that if the actin
cytoskeleton is destroyed, the meiosis is disturbed and,
consequently, it may hamper formation of the functional
spores.
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